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‘1’lIc  usc o f  II ILWII hydIidcs  as rrga(ivc  clcclIodL-s ili alkalil)c
It.ctlal”p,cal]lc cc.lls i s  hccol[lit)g illCIL’d$ill~ly  l~(l]llllill,  (Iuc  10

SCVL.  I ill advantafyx  offcrc.cl hy t h e .  IIm[al hydri[ics ovcd
collvcl][iollal  aImclc IIm@Iials (such a$ 7JI, 01) ill lCl-IIIS of sJncifw
cIIcIgy cnvilolllm]lal  cycle life. ald cmllJmtihility. lWidc.s, llIc
Silllilal itics ill tlIe. cc.11 voltaf. r., II IL>.  SSIII’C.  chaldclcris  tics and cllal~,c
WIIIIO1  I]dm(ls  of the Ni-hJll crlls to IIIC COIIIIIIOIIly  used Ni-01
Imint  (o a l, Iojm[cd (akc. OWL of 25%, of tlIc Ni-(”d II IaIkc.t fol
COIIWIIIICI c.lc.c(tw)irs by IIIC Ni-h!ll cl’l Is in the. IICXI  cmplc  of
yrals.

‘I V,,(I Cla  WC.S  Of  Il)c.l;il hy(ll i(lcs  alloys t]:l$d  011 ra[c cal 111  lllCliil$

(Al !5)(1 ?) and tit;itiium (A112)(3)  alc  bc.inp,  CUIICII(I  y dCVLIOIKd  at

valims  lal>otaloric.s. Al{z alloys e.xllit~i( hiplmr slmific  c.nmgy
IhaII Ilm A115 alloys IIU[ the. s[atc of IIIC all colJlt[lcrLirrl  Ni-h411
CCIIS arc []1(’.(l(~ll~illalltly mamlfacmrcd Llsirlg Allf alloys. ‘Jhc All$
alloys aIc csscm[  i ally  had cm I ~lNi5 svi(h w ims subs[ilmil[s fw
1.:I a< well fiQ Ni to shhilim  the ~lloy dulin~ CIKIIF,C-  disctlalg’c

cydiw,  by rcdllcillg  tlIc. irltc.rllal  s(rc.ss 011  }Iydmf,cm  at)s(~qjlion

aIICi/OI  fw illin~, prokclivc  sur~dcc fill I Is. 1:01 cxal(lldc,  tlIc
VOl IIIIIC c.xl]allsioll in IIIC uni( CC.11 i s  rulucc(i t)y a  pnvlial
sul)s[i[u~ion  of Ni with co an(l  tlIc  intcrfacial  pI-(II)c  I iics  impmvc(l

v.,illl  s[llall  aIIIou  I)ts  of Al m Si(]j. Sakai c1 al(4J sludic.(i tlIc
[L’llldl}  olk)yS S4’ith  dift’cl  L’n[ lcr’IIar’y  sotu[cs  illc](l(lill~,  h~li,  ~’1,  A l ,
(’() aIId (’u. ‘lhc cycle Iifc ilnprovcs IIp OII IIIC sut)s~i[utiorl of Ni
\vi\lj [IIC ICrIIa Iy sol~Ik ill IIIC OICICI  hill < Ni < (k < (“I < Al <
(o. A sul)slilu[ ion of lhc rate. MI(II IIIrMl si[c wilh ‘I’i( s), 7.r~(’J, (II
(ILII,.JI  l:!nhanidc,s  such a! Nd(l) a n d  (k(’/j tnay IMtIIIIOlr  (l IL’
Iol[llali(lll  of a I)lok’c(ivc  sulfacc  filIII  aIILl  crIIIawc  (lIc  c y c l e  lil’c

‘1’tlis cvl:[ItLlally  M to ttlc. mw o f  lL’lfl(i\rCiy il)cxr)crlsivc  nlisch
II IL’Ial, h4t11  (a mlurally  (~ccLlrlirig  nlixLLwc  of rare caflh nmla]s ] .8,
(’c, III awl Nd) for 1 a ill the alloy fol{)]ulaiims such a~ (h4t[l)(Ni-
(’[) MII Al)$@,[)j.

III I,LiIL.ial,  (}Ic I)cld’lci;ll  cfl’cc[ (j! llIc sul)s[itucflls 1[~1 ci[llrl I .: I
~Jl h’i is ;lL’C’L~l llllalli L’d tly ;tll (lll[l(. Sjlill)][. (i CL’l  L.a Ks ill Ltl LL tlydlo~c.11

ilt)st)[  I]tion  ca[mcily,  km:,  zrc(ivalioll  :Ird  S](NV kill  C(i CS  Of tlydl~lf’~’11
:Ilw)ljltio[l  and ctcsorl]tion. III our rc’ct’nt  cotlltllLlr)ic[  i(i(ltl(l  Oj,  wc

(i(.SCl it)L.d (t][’  a(l\fat)(;lF,CS  a~soci;lk’d  with  St] a$ a (c!llaty  ddilivc.
“1 IIC. ii[kiiliorl of sIIlall alllout)l$ (3,5 a%)) of S11 irl~lm)vc.$  llIL’ cyclt’
lit{, with Illarg,itml  Icductioll ill t h e  sJwcifrc calmcity and lIo
t(xllwlion in lhc kitlclics of ahsotl!lion ald desoq~tion. III tllif
II; I] XI,  WL.  will C(IIIIIIaIL;  tiIc  Iwo[,c.rlics of ] .a-Ni-Sn alk~y$  10 the
h4rl)Ni5-ha\cd alloys,  ]lILXCII(  furltm s~udics on ltIL’ Sr]-l[lodificd
Alif alloys o f  diffcril]~. SII L’(,IIIC.IIIS aIId  ILP(IIL  LIIL’ cffcx’1 of
oYrILhaIF,c  (III tlIv  cycle  lift:.

l’:xj Icl illlcllt;ll

‘lhc 141Ni~.XSrlX alloys wc.Ic prclml cd in all arc-rlrltillg fw Ilacc
aud atll]r.alc.d  ill WICUUIII  al 950’’(:  fol 72 hcrLIIs. ‘Ihc alloys w,crL.
llICII c1 ushc.d  10 1 ( )  nuxh ill aII ar~,otl  plovc, box, fo]l(]v,c.(1 t~y
scvcrdl hydlopc.n at]sc)llj[icllj- clcs(lll]ti(]ll cyclrs 10 Crptifl}iw Itlc
posv,tc.1  ‘6 Sulfwc. S1l’c.[1. ‘J’tw film dtoy fWW]Cl (<7511111)  w,as
ltlixcd wi(h 19% ccrlductivc dilmnt, i . e .  IN(X) IIickcl powlr-r
(1 pm), ad 5% ‘1’dtm  bin(lcr.  ‘Ihc  rk.c(m(lcs  wcw falmicfilc(l  by
l)ot-[)l~:ssill~,  IIIC lllix[~]tc oIIto an cxj,aIIdr.d  N i  scrccn. ‘1’tlc
c.] C.c[l  LdCs  f[)l t]lc. tl:l$iC  C]C.c[rLICtlCll  liCal  S[UdiC.S V,WC.  f[lt)riCaiCd t)y
fillirlF, IIIC IIAS disk clc.c[Imlcs v,,itll c.lcc.(Iodc IIOWICIS  of rqual
CjLlal}[i[irs 10 c.l)surc Ccltl$islcllt values fol tlm clc.ctl odc area (().(17
CI112)  ad porosity. ‘J’hc Ni-hft 1 IC.S(  cells (-250  rllAh) cotltaincd
ncc.ss  posi[ivc  C.IC.CII odc (Ni(XM 1), C.XCCSS  CIC.CII  dy[c  (3 1 %
K(M 1), and a 1 l.g(M IF ]L,.fCl  L71CC  c.lcctto(lc.  (?ycling of Ihc CCII$
waq cfinicd out u<itl~, al I irl-hoLlw auloll)alic  bat[ci v  Cvclcl a~

V!’cl’r’ pcl  f{ IIlllr(l
itlklfacc.d (0 aII

,Rcwlk  and l)iscwwiom

‘]’k  [)11.  SS111 L’ C(llllpCISi(icIll  i.S(l[hC.l  Ills (Itl[[lilld  floll-l ~hC.  F,a$ ~ha$c
studies as WCII  af lhc c.lcc(lc]ctlr.r[)ical isothclllls in(licak  tlmt  tlIc.
c4]uilitmiulll  plc:ssul(: o f  1 :tNi5  durill:  hyd[og,cll  ahs(ll[]tiotl

dcctcaw.  s LIIm the sut~stilu[ion  of sIIIall atlloutlts of Ni with Sn.
Accordingly, the dlarp,c.abilily  of ttlc h4tl CICCUO(IC ill thc PICSCII~
CCII  collfif,  uta(inn  i s  cxIwckd  to illlprovc  ilI  ttlC srl-~llo~lific(l

a l l o y s .  llldc.cd, Lt]c .sJmific Cal,acity o f  tl,c. SII l,,odifrcxl :illoys
o b t a i n e d  flum (IIc. ctlarF,c-cliscllalp,c  Icst$  is tlifl  t)~lh  ill  (hc

fl(mdcd  cdl and I,lisllm[ic confr~,uratiorl  ard is in the  nmr,c,  o f
275-3(K)  II IAh/g, (1’JfI,. 1). I’his is noticeably higllci lhan cvm
SrIIIm of t}Ic state-of the.-ari, IIjisch IIICMI had, All$ h411  alloys
cvaluatul at J1’I,.

]’LII lIICI,  (tic  ca]lacity  lL’k’i]~ioll  dLllillF,  cll:tl:,c-cliscll:itg,c  cycliw  is

vaslly inllu wc.d 1111011 (he. addition of Sri; (1IC cal~acily aflcr 75
cyc]c.s is wI]  OVCI 2(K) nlAttiF,. Suet ) iml,l wc.tIIcmt in lhc cycle
Iifr upol I SII additim svas also obsuwd  with lll~llti-collll~ollclll”
~il][)ys(l [), VIC  t,:,~,c plc.lilnio:lly  cvi(lcwcc.  tlIa(  ltlc  CyCIC  l i f e  is

(Iqlclldrld  011 tk’  Cx(clll  o f  ovcl  L’tlalg,c. “1’IK-  cajmci[y  aftcl ‘/5
cycles  is hi#]ci III the CCII  subjcctcd 10 1 ] S% ctl:,lp,c lctllIr), ~1~
COIIIIMILXI  to 1?5% CII:IIW ICI LIIII  (l:i~,. 2 ) .  ‘J’tm cvol~lli(~ll of
hydrL,~,c[l dul”ill~, ovc  ILlmIF,c  Il,ip,ht tr causillp. a slddirlg [)f ~llC
C] CC~lULIC  Ill:lkti:ll  tly CI’(Mi(Ml.  IkSllik’  llIC  f[lC[  thC  Ni-Ml]  S(.llk(l

c(lt)laills  cxccss  nc~,  a(ivc ca[mci[y  10 1111’  VLTl! sLlch  hydlop,ctl

e v o l u t i o n  a[ tlw  rw~,aliv  L-,  lllis  lIIay  Occullw  i~l  llIc  lalcl  SW~s  of

cyulil]p.

III addiliw]  10 illllm)vclllcllts  ill (tic ini(ial capaci ty  aIId capaci(y
lLtL.i}liorl, IIIC addiliot! of Sn hn~ caused no []lut)lcms rt.latcd 10
ac(ivaliorj and kinclics.  lmwad, lIIc. alloy clhit]i [cd a hir,h illi{ ial
cal]acity ill lhc flrsl discll:u~,c (l, i~,. 2) ard alw fafkr  kinclics (I;ii:.
3 ) .  ‘J’tm Imlalintiol)  rcv+is(ancc  (IMail  ICd  flor]l IX: polari~~l~i[~l]
CkllC[  i!llc’ll(s rL’VC[ll  a  k~l!’  \’al  LIC.  fCII thC.  S1)-  Ill(ldifld alk)y as
C(llllll{ll  L’d [(1  ci(hCl  (}IC tlill[ily  alloy  (1 I CVCII S(MIIC Of ~hC stalC Of
(1IC aI I ]Iliscll mcMl  h a d  Allf a l l o y s  cvalua[c41  at JI’1. ‘1’hc
irljprovcd kirlc~ics fo r  Ilyd[ugctl  atmll)li(m  / (ksotl~ti(]rt  procc.  ssrs

al  [IIC SII- modified h411 CICCIIWIC  arc’ cvi(lci][  alw  fronl the hifh
(]iSL’!lill~L. cal);lci[ics ot)lait)cd a l  (’/2 Iatc (1 ?  llIA/Ul112)  [1$
COlllpalc(l [ ( 1  111,’ (’/s  Ialc’  (4 II INL’1112)  USC(I  fol Illc r)lul(i-



.

0

,

coIIIpotKxN  alloys. ‘J’hc hi~h ctischarg,c volIaEcs of Sn-cml(aininr,
a l l o y s  duriIIg,  anmtic pcrlrrrizaticm (dischrrrf$)  of Ml I disk

CIC.CII  udcs furlhc.r illustrate the inlprwccl kirm~ics  al the h411
clcc(Imlc. upcm Ihc addition of Sn.

Studios  arc cuuwlly undmvay  dctc.rlllinc.  lhc Sn cwlcnt  ill lhc
hfl I alloy that will optimirc Ihc cycle life, spwilk  capacity atd
kiuclics of atrsoqlicm and cicsoq)lio!l. Wc arc also cxafr)irlillg the
Ircldicial  cffccl of Sn when nlisch nmtal is sutMitLllc41 for 1a, the.
colnposi[icm of t h e  n)isch mtal havitg trccn optimiwd ill OLII
caI Iicr studies cm various AIi$ M} 1 alk~ys(12). (Mm aspc.cls
I’L”]akd  10 lhC  C)XktatiVC  S[ab;lhy  O f  lhC. M l  I all(lyS aId lhC
diflucivily of hych ogcn in the Ml 1 alloys arc. hcins c.xarnild  in the
SrJ- moclificci alloys and comparcxi will] 10 rc.sul[s fl ml various
A115  h411  alloys.

‘Ibis work  was cau id OLII  at the JC.I 1’I opulsicm 1.atmrator’y  uIIricI

contract wi[h the Na(ional  Ammautics and Space. A{ltllillis~rt{ti(}ll
and a( the ~alifonl ia lnsli(utc of ‘1’cchlio]o~,y with the assistance
of NS1; gvarlt I)Ml{ -9213447. G1-atitucic  is CXIC.IKICXI  (o 1)1. IIoh
l{ W.WI:III of ACI  ojc.( ~orl~. fm providing, the alloys tcs[c(i hclc.
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MI1 Alk,)

IIp.1  :collll):irlsl()  llortllc  sl)rclrlc  cH])ncilics  111 A)n('o[lc{l  cdl~rmrlli)
ptlr,mtlc L-cll coIJip,uIntlmIs,  of 1) I,lnary 1.nNi5  riIId the sl:itc-of-tl, c-:!rt
],)lsct, nwlal lmw(l,AI\~hlll  alloys (2-6)w(1  7)],RNi4,@0,2.

l:is.2 : \’arlall(,;\  (}ftllc  sj,eclflc  caI]:lclty  of 250 mAt,,  ],cg:,tlve-ll,,  iitc(l
ccllsc(J]itslrlillg  l.aNi4,8S1,0,2hl  Il alloy,  tit U2 IfItc (12  111~/~1112) f[, 0.S v

VS.  II Efllg(l  CIII[liSclImg,Cf  iII[l  tO 1) 125% aIII12)  IIS% cll:llgcr~ttlrll.
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11~.  4 : GJmlmr’kkm  o f  dlwtw+t-gc  Ctll\L% at S0  llIA/C1,12  of ] )  IJI,:II)

1.nNIs  ar,d t h e  slate.  of-il,c-arl  mkch nwtal  lIaWd)  AIIS  hfll alloy  disk
CICCIImILS (2-6)  with  7) IJ+N14.KSII().Z.


